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SWQL Briefing Paper

Soft Wheat Quality Laboratory (SWQL) Briefing Paper

UNITED STATES DEPARTMENT OF AGRICULTURE
AGRICULTURAL RESEARCH SERVICE
1680 Madison Ave., Wooster, Ohio

MISSION

e Contribute to global food security by enabling the development of new high-yielding
cultivars with end-use quality suitable for commercial food production in the soft
wheat milling and baking industries and the export trade. The SWQL has sole
responsibility for this within the USDA for the eastern United States (U.S.).

e Address global climate change by reducing energy used to produce food through 1)
selecting cultivars with improved milling efficiency 2) developing testing methods to
assist in the purchasing of grain to match demands for high-efficiency milling and
baking operations, and 3) reducing food loss due to flour shipments that do not meet
specifications upon delivery at factories.

e Improve human nutrition, in collaboration eastern US wheat breeding programs,
through identifying and deploying genes for greater food quality and nutrition.

BACKGROUND

Wheat is the world’s largest crop used for direct human consumption. Approximately
half of the wheat in the U.S. is milled in the eastern region served by the USDA-ARS
Soft Wheat Quality Laboratory (SWQL), Wooster, OH. Since the 1930’s, the SWQL has
conducted genetic studies of wheat quality through long established coordinated
research with 14 state land-grant universities in the eastern U.S. It is one of the few
laboratories in the world that that develops methods for testing quality of soft wheat, the
major wheat type grown in Ohio and the eastern U.S.

Ohio is historically a large milling state, 4™ in the US. It increased its milling production
by 20% from 2003 to 2008, much faster than the overall country’s rate of increase,
through expansion of capacity and increase in operations of newer mills. Older,
inefficient mills, located away from major population areas are closing. The flour milling
industry is concentrating on newer, higher-yield milling facilities that require cultivars
with increased flour yield to match the improved milling equipment’s efficiency.

The SWQL critically evaluates nearly all the wheat cultivars marketed from Missouri to
the Atlantic seaboard. It also publishes new methods and research in the area of milling
and flour quality. This research is transferred through annual technical training to 30-40
local and international food manufacturing companies by workshops held each March in
Wooster, OH and through on-site and on-line support during the year.



SWQL Briefing Paper

CURRENT FUNDING & STAFF

Current base funding ($925,695 NTL) supports two scientists and eight full time support
staff (six USDA, two Ohio State). The laboratory continues to improve efficiencies for
sample evaluations; this has allowed for an increase in the total number of wheat
samples evaluated per year for researchers in the eastern U.S. to 6,500, up from 4,500
three years ago. This was accomplished despite declining discretionary funds. The
laboratory recently remodeled the 40 year-old chemistry and grain handling
laboratories. Additional renovations to the flour milling facilities are planned as funding
permits. The equipment used to measure milling quality at the SWQL is antiquated; the
newest mill used for routine milling research is 50 years old and the oldest still in service
is over 100 years old. In addition, milling facilities may require HYAC and mill
renovations.

PROGRAM IMPACTS

The SWAQL has supported the development of wheat cultivars that produced $1.5 B in
grain per year (2005-2007 USDA Ag Statistics). Using USDA economic multiplier
effects, this grain results annually in $4.0 B in food and agricultural related business and
$9.9 B in economy-wide economic activity. The genetic improvement in flour yield since
1990, due to breeding programs using the SWQL, resulted in an estimated $12.7 M
annually in increased flour extracted from the wheat milled in the US (2007 production
at $16 per 100# of flour). This reduces consumer’s food costs. It also is a component
of the improved efficiency and competitiveness of the eastern U.S. milling industry. The
SWAQL is planning research to improve milling, wheat marketing, and human nutrition.
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T-CAP

Triticeae CAP (T-CAP)

Improving barley and wheat germplasm for changing environments

Funding: $25 million ($5 million over 5 years) grant from the USDA National Institute for
Food and Agriculture’s (NIFA) Agriculture and Food Research Initiative (AFRI).

Scientists: 56 scientists from 28 institutions, led by Dr. Jorge Dubcovsky of the University of
California at Davis and Dr. Gary Muehlbauer at the University of Minnesota.

Goals: The goal of the project is to develop methods to produce new varieties that minimize
the damage to crops from stresses associated with climate change. It will return significant
benefits to farmers by developing tools to adapt varieties planted by growers across the
country.

Long-Term Goals: The long-term objective is a 10 percent reduction in both nitrogen and
water use in barley and wheat production and a reduction of yield losses due to diseases.
The main research areas are water and nitrogen use efficiency and genetic resistance to
fungal diseases with an emphasis on rusts.

Technology: The AFRI project builds on the rapidly decreasing costs of genetic sequencing,
digital multi-spectral imaging, and data management to accelerate breeding cycles. This will
improve publicly-available germplasm. T-CAP will standardize methods for high-throughput
field evaluation and integrating genetic and field measurements into public open-source
databases (GRIN, GrainGenes, and GRAMENE). All breeding programs will be able to build
upon these innovations.

Using the World Collection of Wheat and Barley: T-CAP scientists will systematically
characterize wheat and barley lines cataloged in the National Small Grains Collection
(NSGCQC) in addition to commercial varieties. Gene variants present in these collections will be
associated with tolerance to biotic and abiotic stresses. Linking high throughput genotyping to
high throughput field evaluations will accelerate the introduction of novel genes using non-
GMO technology into cereal breeding programs. The new funding and genomic data will
provide breeders with deeper access to useful genes present in this valuable collection.

Training the Next Generation to Feed the World: T-CAP will train a new generation of
plant breeders in the most advanced breeding technologies helping to address a national
shortage of plant scientists. The project will train a minimum of 30 new plant breeders and
attract new undergraduate students to plant sciences. Scientists in the grant will develop an
interactive on-line training environment to provide students with access to the best specialists
in the country. This project also aims to extend state-of-the-art crop improvement
technologies into minority serving universities. Importantly, this project will strengthen the
national network of barley and wheat public breeding programs and provide continuing
education for working plant breeders to facilitate broad adoption of the latest advances in
genotyping and phenotyping.
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Historic Perspective and
Recent Cultivars

Historic Perspective of Wheat Characterization

This section of the Annual Report has been moved to the SWQL website, and it can be
found at the link on the SWQL website. A brief summary of the beginnings of wheat
characterization in the United States and information on the history of several American-
grown wheat varieties are included in the Historic Perspective.

Recent Cultivars Developed for the Eastern US

Characterized by the SWQL
Descriptions by Lon Andrews, Ed Souza and Anne Sturbaum

This section of the Annual Report has been moved to the SWQL website, and can be
accessed through the link to the SWQL website. Recent Cultivars in the document
were characterized by the SWQL and descriptions were collected by Lon Andrews.
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New for the 2011 Report

New for the 2011 Report

Poster Abstracts from the 2011 Annual Research Review:

Fiber Variation in Whole-Grain Soft Wheat Flour within the United States
Distribution of Non-Starch Polysaccharides in Soft Wheat Pilot Millstreams
Pre-harvest Sprouting of Wheat, Alpha-Amylase Enzyme, and Falling Number
Responses of maize (Zea mays L.) near isogenic lines carrying Wsm1, Wsm2 and
Wsma3 to three viruses in the Potyviridae

Roles of Stolbur phytoplasma and Reptalus panzeri (Cixiinae, Auchenorrhyncha) in
the epidemiology of Maize redness in Serbia

Development and Distribution of Male-Sterile Facilitated Recurrent Selection
Populations

The Plant Breeding and Genomics Community on eXtension: Putting Research into
Practice

QTL Mapping and Transcriptome research of PHS at MSU

The interaction between quantitative trait loci (QTLs) associated with Fusarium
head blight (FHB) resistance in spring wheat and Fusarium graminearum
chemotypes (15-ADON and 3-ADON)

Association mapping for detecting QTLs to Fusarium Head Blight and Yellow Rust
resistance in Bread Wheat

Red or White: Consumer acceptance of whole grain products

Efficacy of Near-Infrared Reflectance Spectroscopy to Predict Fusarium Damaged
Kernels and Deoxynivelanol in Red and White Wheat in Michigan

Comparison of Different Inoculation Methods for Evaluation of FHB Resistance in
Wheat Varieties

Evaluation of Alpha Amylase Accumulation and Falling Numbers in Soft Red and
Soft White Winter Wheat

Quality Attributes of Ontario Wheats

Soft Wheat Quality Laboratory Presentations:

Can Host Plant Resistance Protect Quality of Wheat from Fusarium Head Blight?
Incorporating important biochemical attributes into breeding programs

Breeding for Fiber Content in Wheat Flour

Soft Wheat and Fiber

Soft Red Winter Wheat: Abundant, Flexible, High Quality, Continuous Improvement
Steps Necessary for Good Quality Soft Wheat

2011 Soft Wheat Quality Lab Focus on Research

Genotypes for varieties evaluated for the Wheat Quality Council (WQC) and

Overseas Varietal Analysis (OVA) 2006-2010

Soft Wheat Quality Laboratory data from the Miag Multomat mill generated as part of
the Soft Wheat Quality Laboratory’s ongoing cooperative projects:

2010 Regional Performance Nurseries
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New for the 2011 Report

e 2010 Wheat Quality Council
e 2009 Overseas Varietal Analysis program of the U.S. Wheat Associates

New Methods (See Materials and Methods):

e Wheat moisture (Air-oven method, modified AACC 44-16)
Flour moisture (Air-oven method, modified AACC 44-16)
Chemically-leavened cracker baking procedure
Soft Wheat Whole Grain NIR (DA7200)

Advanced Mill Database Creation

We appreciate your comments and suggestions on the 2011 Report as we begin planning for 2012
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Soft Wheat Quality Targets

Soft Wheat Quality Targets for Cultivars Developed for the
Eastern U.S.

Over the years the Soft Wheat Quality Laboratory (SWQL) has distributed soft wheat
quality targets as part of its industry reports. These reports have included the US
Wheat Associates Overseas Varietal Analysis and the Wheat Quality Council SRW
Report. The targets were meant as guidelines for interpretation of the quality generated
by the SWQL. Two specific guidelines are used, one for pastry quality and a second for
export and cracker products.

In the past we have listed quality targets for export shipments as identical to the cracker
targets. Review of the results of the past 10 years of OVA trials confirms that
international customers have a similar diversity of gluten requirements as domestic US
millers and bakers. The current table reflects the diverse preferences of both the US
and the export market.
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Desired Ranges of Soft Wheat Quality Traits

Desired Ranges of Soft Wheat Quality Traits for
Domestic and Export Customers

Category / Method

Pastry Flour
Desirable Parameter
Range

Cracker Flour Desirable
Parameter Range

Test Weight / Grain Condition

Test Weight > 58 Ib/bu > 58 Ib/bu
Shriveling Factor <15 % <15 %
1000 Kernel Weight >27¢ >274¢
Wheat Density (g/cc) >1.31 >1.31
SKCS Diameter (mm) >2.1 >2.1
SKCS Weight (mg) > 2.7 >27
Field Sprouting

Viscograph (Amylograph) > 500 bu > 500 bu
Alpha-Amylase Activity < 0.08 abs < 0.08 abs
Falling Number > 350 sec > 350 sec
Kernel Texture

Milling, Allis-Chalmers Break 30-37% 25-37%
Flour Yield

Milling, Miag-Multomat Break Flour | 24 — 35 % 21-35%
Yield

Milling, Quadrumat Sr. Break Flour | 32 —41 % 25-41%
Yield

Milling, Quadrumat Jr. Softness 53-64 % 45 -64 %
Equivalent

SKCS Hardness Index <40.0 10.0 - 40.0
Milling Qualities

Quadrumat Jr. Flour Yield >67.5 % >67.5 %
Quadrumat Sr. Flour Yield > 62 % > 62 %
Quadrumat Sr. Flour Ash <0.420 % <0.420 %
Allis-Chalmers Flour Yield >75.7 % >75.7%
Allis-Chalmers Flour Ash <0.430 % <0.430 %
Allis-Chalmers E.S.I. <11.5% <11.5%
Allis-Chalmers Milling Score > 52 > 52
Allis-Chalmers Friability >27.2 % >27.2%
Miag-Multomat Flour Yield > 71 % > 71 %
Miag Damaged Starch <3.5% <3.5%
Miag Flour Ash < 0.500 % < 0.500 %
Agtron Color > 50 Units > 50 Units
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Desired Ranges of Soft Wheat Quality Traits

Category / Method

Pastry Flour
Desirable Parameter
Range

Cracker Flour Desirable
Parameter Range

Protein Content

Wheat Protein 9-11.5% 9-12%
Flour Protein 8-10 % 8-11%
Protein Strength

Mixograph Absorption 52 - 58 % 53 - 59 %
Mixograph Peak Time > 2.0 min > 2.5 min
Mixograph Peak Height > 2.8 mu > 3.0 mu
Alveograph Peak (Overpressure) [ 24 - 38 mm > 30 mm
Alveograph Length (Abscissa) 106 -150 mm > 150 mm

Alveograph Work (Deformation
Energy)

70 — 127 Joules ( x 10*)

> 127 Joules ( x 10*)

Farinograph Stability/Tolerance 2—4 min 3 -7 min
Farinograph Peak Time > (0.75 min > 1.0 min
Farinograph Absorption 51-55% 52 - 56 %
Acidulated Flour Viscosity 90-173 cps 150-300 cps
(MacMichael)

Solvent Retention Capacity

50% Sucrose <89% <89%

5% Lactic Acid >87% >87%

5% Sodium Carbonate <64% <64%
Distilled Water <51% <51%
Baking Qualities

Cookie, Wire-Cut Method 10-53 62.9-66 cm 62.9- 66 cm
Width

Cookie, Wire-Cut Method 10-53 <8.4 cm <8.4 cm
Height

Cookie, Sugar-Snap Method 10-52 | 17.2 - 18.0 cm 17.2-18.0 cm
Width*

Cookie, Sugar-Snap Method 10-52 | < 1.65 cm <1.65cm
Height*

Cookie, Sugar-Snap Method 10- 48.6 - 52.1 cm 48.6 - 52.1 cm
50D Width

Cookie, Sugar-Snap Method 10- <5.7cm <5.7cm
50D Height

Cookie Instrumental Hardness < 26.6 kg < 26.1 kg

*Based on 10-52 micro-sugar snap method prior to 2008 revision. The revised method generally
results in larger cookie diameters. Targets using revised 10-52 method should be 1 cm larger

than values in table.
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Desired Ranges of Soft Wheat Quality Traits

Quality Targets for Soft Wheat — A Survey for the AACC Cincinnati Section and
the USDA Soft Wheat Quality Laboratory. Edward Souza, USDA-ARS Soft Wheat
Quality Laboratory

See attached file for background data: Miag Mill Database and Quality Targets
2011.xIsx

Purpose: Build a broad picture of the uses of soft wheat and the type of flour required
by customers for milling and baking. Breeders will use targets to select future varieties
and industry will plan future research based on the importance assigned to specific
traits.

Methodology: The Soft Wheat Quality Laboratory has milled over 200 samples of
grain for commercial evaluation over the past 11 years. These samples were milled on
a 10 flour stream, Miag Mill and submitted to overseas and domestic millers for their
evaluation. We will use the information on these samples to develop a guide on future
quality work.

1) We have two tables of average quality measured on wheat samples for the past 11 years.
One table has quality for high protein samples (average quality of the 1/3 of samples with
the greatest protein concentration, ~11.5% grain protein). The second table gives the
average measured quality for grain samples with the lowest protein (average ~9.0%).

2) How do specific quality measures affect your work? Mark each quality measure as either
important or not important for your business or laboratory. (+ if important/ 0 if not
important or do not know).

3) What level of quality would you like? Please give a preference for a quality level. If you
prefer that the quality measure be greater than the average value mark a ‘+’. If less mark
the row with a ‘-*. If the value is OK or you don’t have a standard for the quality
measure mark it ‘0’.

Your Background:
What types of products do you or your customers make with HIGH PROTEIN flour?

What types of products do you or your customers make with LOW PROTEIN flour?
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Desired Ranges of Soft Wheat Quality Traits

Soft Wheat Users Preferences for Quality Targets of HHGH PROTEIN Wheat
Values in tables are averages of the 30% of samples milled at the SWQL with the GREATEST protein

concentration
Preference
Importance + = prefer a larger value
+ = important 0 = value OK or no
Average 0 =not important | preference
Measure Unit value or don't know - = prefer a smaller value
c Grain
s protein % 11.6
G) SKCS
hardness score 24
Straight grade % 73.5
Break flour % 32.3
0o %
= Flour protein (14%mb) 9.8
g %
Flour ash (14%mb) 0.40
Falling Number sec 377
Damaged starch % 2.8
RVA Peak cP 3278
5
= Water % 53
c
]
‘é Sodium carbonate % 71
o+
S Sucrose % 93
>
3 Lactic acid % 105
= P mm 36
o
&b L mm 122
@
5: w (x10-4]) 107
P/L 0.39
o
o
‘g:f - Absorption % 53.2
5 N
w Stability BU 4.2
o+
32 Diameter cm 15.8
4
v 0
§ S Stack ht mm 21.6
Spread factor cm/mm 0.74
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Desired Ranges of Soft Wheat Quality Traits

Soft Wheat Users Preferences for Quality Targets of LOW PROTEIN Wheat
Values in tables are averages of the 30% of samples milled at the SWQL with the SMALLEST protein

concentration
Preference
Importance + = prefer a larger value
+ = important 0 =value is OK or no
Average 0 =not important | preference
Measure Unit value or don't know - = prefer a smaller value
Grain
-% protein % 9.1
G) SKCS
hardness score 19
Straight grade % 73.7
Break flour % 33.9
0o %
= Flour protein (14%mb) 7.7
E %
Flour ash (14%mb) 0.40
Falling Number sec 376
Damaged starch % 3.1
RVA Peak cP 3281
5
= Water % 53
c
]
‘q;j Sodium carbonate % 70
o+
S Sucrose % 88
=
3 Lactic acid % 93
- P mm 35
o
&b L mm 84
o
= -4
Z W (x10-4]) 88
P/L 0.59
o
o
X - Absorption % 51.8
c
© o
w Stability BU 2.1
)
g Z Diameter cm 16.0
T X
v 9
§ S Stack ht mm 20.9
Spread factor cm/mm 0.77
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Poster Abstracts from the 2011 Annual Research Review

Fiber Variation in Whole-Grain Soft Wheat Flour within the United
States

Edward J. Souza and Mary J. Guttieri

USDA-ARS Soft Wheat Quality Laboratory and Ohio State University Dept. of

Horticulture and Crop Science, Wooster, OH 44691
[Full poster can be viewed here]

The USDA National Nutrient Database for Standard Reference is used as a standard
reference for labeling and dietary formulation. The profile for whole grain wheat flour
(NDB No. 20080) is largely based on hard wheat flour samples and differs from the
expected profile for soft wheat whole grain flour samples for important nutrients, most
notably total grain protein concentration. Also, the fiber content of the flour in the
database is imputed, that is derived, but not measured directly.

The purpose of this study was to measure the fiber content of whole grain wheat flour
prepared from soft wheat using the Integrated Total Dietary Fiber method (AACCI
Method 32-45.01/AOAC Method 2009.01) and assess the range in variation.

Distribution of Non-Starch Polysaccharides in Soft Wheat Pilot
Millstreams

Mary J. Guttieri, Clay Sneller, and Edward J. Souza

The Ohio State University OARDC and USDA ARS Soft Wheat Quality Laboratory,

Wooster, OH
[Full poster can be viewed here]

The general objective of commercial soft wheat milling for low water absorption flour is
to optimize flour extraction while minimizing starch damage and arabinoxylan (AX) and
protein concentration.

Previous millstream analyses have used mills optimized for milling hard endosperm
wheat for bread applications and have analyzed grain samples of either unspecified or
identifiably hard endosperm. Yet the fracture properties of soft endosperm wheat
kernels profoundly influence flow through the flour mill. Because of the different milling
characteristics of soft wheat, industrial mills typically are optimized for this task. A
cross-section of seven eastern U.S. soft winter wheat genotypes were milled on a Miag
Multomat flour mill flowed for soft wheat milling. Flour yield, ash, protein concentration,
and water-extractable (WE-) non-starch polysaccharide concentration were measured
on all ten streams.
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Pre-harvest Sprouting of Wheat, Alpha-Amylase Enzyme, and Falling
Number

Edward J. Souza', Mary Guttieri?, Robert Kratochvil®, and Anne Sturbaum’

' USDA-ARS, Soft Wheat Quality Lab, Wooster, OH

2 Ohio State University, Wooster, OH

® University of Maryland, College Park, MD

[Full poster can be viewed here]

Pre-harvest sprouting (PHS) in wheat occurs when the crop is exposed to rain after a
field reaches maturity. Sprouting grain produces a-amylase, an enzyme that rapidly
breaks starch into simple sugars. Grain values decline rapidly as the level of alpha
amylase increases, and grain elevators pay lower prices for sprouted grain since limited
options exist for resale. In cases of severe sprouting, grain is acceptable for animal
feed, only. We evaluated trials in Maryland for three years measuring PHS with Falling
Number and Alpha Amylase assays in collaboration with the University of Maryland.
The main conclusions were:

1) cultivars differ greatly in their sensitivity to moisture/rainfall after maturity, with
Coker 9553, McCormick, SS 8302, and SS 8404 being the least prone to pre-
harvest sprouting as measured by Hagburg Falling Number Test, and

2) a-amylase enzyme activity, measured indirectly through falling number, often
does not increase immediately in all cultivars and frequently is not significant until
falling number values are significantly less than 300 seconds.

Cultivar information is directly useful for grower planting decisions. Data is available on
the USDA-ARS Soft Wheat Quality web site.

Buyers should be encouraged to purchase moderate falling number grain for higher-end
use since a-amylase levels are undetected at 240 sec to 350 sec FN.

Responses of maize (Zea mays L.) near isogenic lines carrying Wsm1,
Wsm2 and Wsma3 to three viruses in the Potyviridae

Mark W. Jones', Emily C. Boyd? and Margaret G. Redinbaugh'?

'"USDA, ARS Corn and Soybean Research Unit

’Department of Plant Pathology, Ohio State University, Ohio Agriculture Research and
Development Center, Wooster, OH, USA.

Genes on chromosomes six (Wsm1l), three (Wsm2) and ten (Wsm3) in the maize (Zea
mays L.) inbred line Pa405 control resistance to Wheat streak mosaic virus (WSMV),
and genes in the same chromosomal regions control resistance to Maize dwarf mosaic
virus (MDMV) and Sugarcane mosaic virus (SCMV). Near isogenic lines (NIL) carrying
one or two of these genes were developed by introgressing regions of the respective
chromosomes into the susceptible line Oh28, and tested for their responses to WSMV,
MDMV and SCMV in the field and greenhouse. F1 progeny from NIL x Oh28 were also
tested. Wsm1, or closely linked genes, provided resistance to all three viruses, as
determined by symptom incidence and severity. Wsm2 and Wsm3 provided resistance
to WSMV. Wsm2 and/or Wsm3 provided no resistance to MDMV, but significantly
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increased resistance in plants with one Wsm1 allele. NIL carrying Wsm1, Wsm2 and
Wsm3 had similar SCMV resistance in the field, but NIL with Wsm2 and Wsm3 were not
resistant in the greenhouse. Addition of Wsm2 to Wsm1 increased SCMYV resistance in
the field. For all viruses, symptom incidence was higher in the greenhouse than in the
field, and relative disease severity was higher in the greenhouse for WSMV and MDMV.
An Italian MDMV isolate and the Ohio SCMV infected the Wsm1 NIL, while the Ohio
MDMV and Seehausen SCMV isolates did not. Our results indicate that the three
genes, or closely linked loci, provide virus resistance. Resistance is influenced by
interactions among the genes, the virus species, the virus isolate and the environment.

Roles of Stolbur phytoplasma and Reptalus panzeri (Cixiinae,
Auchenorrhyncha) in the epidemiology of Maize redness in Serbia

J. Jovié', T. Cvrkovié', M. Mitrovi¢', S. Krnjaji¢', M.G. Redinbaugh?, R.C. Pratt’,

R.E. Gingery?, S.A. Hogenhout* and I. To$evski®

"Institute for Plant Protection and Environment, Degartment of Plant Pests, Banatska 33, 11080 Zemun,
Serbia. USDA, ARS Corn and Soybean Research®; Departments of “Plant Pathology *Horticulture and
Crop Science and 4Entomologgl, The Ohio State University/Ohio Agriculture Research and Development
Center, Wooster, OH 44691. "CABI Bioscience, Centre Switzerland, 1 Rue des Grillons, 2800 Delémont,
Switzerland

Maize redness (MR), a disease causing midrib, leaf and stalk reddening and abnormal
ear development in maize, has been reported from Serbia, Romania and Bulgaria for 50
years. Recent epiphytotics reduced yields by 40-90% in southern Banat, Serbia. MR
was recently associated with the presence of the stolbur phytoplasma (Duduk and
Bertaccini Plant Dis. 90: 1313), although the epidemiology of the disease remained
unknown. Diseased fields in southern Banat were surveyed for potential vectors of the
phytoplasma during 2005 and 2006, and high populations of Reptalus panzeri were
found. In affected fields, 20% of the R. panzeri individuals and 85% of symptomatic
maize plants carried the stolbur phytoplasma. When stolbur phytoplasma-infected R.
panzeri were introduced into insect-free mesh cages containing healthy maize plants,
midrib and leaf reddening developed on 48% of plants and stolbur phytoplasma was
detected in 90% of the symptomatic plants. No symptoms or phytoplasma-positive
plants were found in cages without insects. These data indicate that MR symptoms are
associated with the stolbur phytoplasma. To identify potential reservoirs of pathogen,
Convolvus arvense and several other perennial weeds collected from the test plots in
southern Banat were tested for the presence of stolbur phytoplasma, but none were
infected. However, R. panzeri larvae collected from the roots of infected maize plants in
late October, 2006 were positive for the phytoplasma. These results indicate that R.
panzeri is likely to be a major vector of MR, as it is both abundant in affected fields, can
transmit the stolbur phytoplasma, and the overwintering form of the insect is infected
with the pathogen.
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Development and Distribution of Male-Sterile Facilitated Recurrent
Selection Populations

J. Shoots, M. Guttieri, F. Kolb, J. Lewis, A. McKendry, H. Ohm, C. Sneller, M.E.
Sorrells, E. Souza, D. Van Sanford, J. Costa, C. Griffey, S. Harrison, J. Johnson,

and P. Murphy
[Full poster can be viewed here]

Recurrent selection is a breeding procedure with the objective of increasing the
frequency of desirable alleles for one or more traits while maintaining a high level of
variability in the population. Inter-mating among selected parents each generation
allows recombination to occur thus combining genes from different sources. Male
sterility in a self-pollinated species provides a mechanism to easily produce many
crosses. Male-sterile plants to not produce viable pollen. Thus, any seed from a sterile
plant must be a hybrid via pollen from a male-fertile plant. In contrast, hand pollination
requires laborious manual emasculation and pollination.

Male-sterile recurrent selection in wheat derives its power from recombination of
sources of genetic variation for a specific trait and intensity of selection due to large
population size that results from many crosses. Progress from selection when
recombining genetic sources of FHB resistance is directly related to the amount of
genetic variation for the trait in the population and the identification of parents with a
high level of expression of the desired trait.

The dominant male-sterile gene was utilized rather than the recessive gene because
the progenies of the male-sterile plants always segregate 1:1 for sterility and a
generation of selfing is not required to obtain true-breeding fertile genotypes.

Our objective is to create four populations with FHB resistance adapted to different
regions of the eastern U.S.

The Plant Breeding and Genomics Community on eXtension: Putting
Research into Practice

Heather L. Merk', David M. Francis’, Alex Stone?, John McQueen?, Roger Leigh?,
Allen Van Deynze®, Jeannette Martins®, Shawn Yarnes®, Deana Namuth-Covert*,
David Douches®, Kimberly Felcher®, Kelly Zarka®, and Walter De Jong®

'The Ohio State University, OARDC, 1680 Madison Ave., Wooster OH 44691, 2 Oregon
State University, Corvallis OR 97334, 3 University of California, Seed Biotechnology
Center, Extension Center Drive, Davis CA 95616, * University of Nebraska-Lincoln,
Lincoln NE 68583, ° Michigan State University, East Lansing Ml 488245 Cornell
University, Ithaca NY 14853

Plant breeding improves the quality and output of agricultural crops. Accelerated gains
in quality and output may be achieved by making use of genome sequence data.
Understanding variation in genome sequence between crop species and wild relatives
can be useful in crop improvement to the extent that it helps predict variation for
agriculturally important traits. The plant breeding and genomics community of practice
on eXtension.org was formed to help plant breeders translate basic research in
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genomics into practice through content that emphasizes emerging sequence databases,
genotyping techniques, and analytical methods. The community, consisting of public
and private researchers and educators, has also developed content for end users such
as growers and processors. Content includes tutorials, case studies, reviews, and data
sets in webinar, video, and text formats with short courses coming.

QTL Mapping and Transcriptome research of PHS at MSU

Yuanjie Su, Lee Siler, Randy Laurenz, Sue Hammar, Janet Lewis*

Department of Crop and Soil Sciences, Michigan State University, East Lansing, Ml
48824

*Corresponding Author: Ph: 517-355-0271x1185, email: lewisjab@msu.edu

Pre-harvest sprouting (PHS) is the precocious germination of grains in the ear following
physiological maturity. It usually occurs during prolonged cool wet condition, as
experienced in Michigan in 2008 and 2009. It reduces wheat yield and wheat flour
quality, which is a critical concern of regional wheat industries (including millers and
cereal companies). It is historically known that the red wheat is more resistant to PHS
than white wheat but the mechanism behind this relationship is still unclear. Red seed
coat color is controlled by three homologous genes on chromosome 3. Two studies will
be described in this poster. In one of them we will determine the proportion of PHS
resistance that each of the red genes confers. To do this, a red x white spring wheat
Recombinant Inbred Line (RIL) population is being evaluated for a-amylase level and
falling number values with and without PHS inducing conditions. QTL mapping of the
PHS trait and its relation with the three red genes will be determined. The second study
employs transcriptome analysis of the PHS response. Transcriptome analyses will
greatly enhance our understanding at the gene expression level of the pre-harvest
sprouting biological pathway and identify the candidate genes for further research.

The interaction between quantitative trait loci (QTLs) associated with
Fusarium head blight (FHB) resistance in spring wheat and Fusarium
graminearum chemotypes (15-ADON and 3-ADON)

Muckle, A., Schaafsma, A., Tamburic-llincic, L.
Department of Plant Agriculture, University of Guelph, ON N1G 2W1, University of
Guelph, Ridgetown Campus, Ridgetown, ON, Canada, NOP 2C0

Fusarium head blight (FHB) caused by Fusarium graminearum (Schwabe) is a
devastating wheat disease that results in decreased yield, quality and mycotoxin
deoxynivalenol (DON) accumulation. Two different chemotypes of F. graminearum (15-
ADON and 3-ADON) have been identified in North America. The chemotypes produce
total DON plus slightly different forms of DON called 15-ADON and 3-ADON. In some
parts of North America, more 3-ADON chemotypes have been identified recently; this is
a concern because the 3-ADON chemotype is more toxic than the 15-ADON
chemotype. The most practical way to control FHB is through the development of
resistant cultivars through conventional breeding or marker assisted selection (MAS).
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The objective of this study was to investigate if there is an interaction between
quantitative trait loci (QTLs) associated with FHB resistance in selected spring wheat
lines from previously mapped ‘Wuhan/Nyubai’ population (Somers et al., 2003) and F.
graminearum 15-ADON and 3-ADON chemotypes. The trials were planted in 2008,
2009 and 2010 in Ridgetown, Ontario and were designed as a split plot (main
plot=genotype of wheat, sub plot= F. graminearum isolate) with three replicates. At
50% anthesis, single F. graminearum isolates of three 15-ADON and three 3-ADON
chemotypes were sprayed individually on each plot using a backpack sprayer; control
plots were sprayed with water. Visual symptoms were recorded for each plot as
incidence and severity and FHB index was calculated as severity x incidence/ 100.
Harvested grain was analyzed for DON content using ELISA method (Diagnostix Ltd,
Mississauga,ON). In all three years, the highest DON accumulation occurred after
inoculation with a 3-ADON isolate indicating that 3-ADON chemotypes have potential to
cause higher levels of DON accumulation in wheat. In 2008, significant interaction was
detected between F. graminearum chemotypes and QTLs for FHB index, but no for
DON level. In 2008 and 2009 wheat line 392 (no QTL) had the highest DON
accumulation, while wheat line 371-3Bs has the lowest DON accumulation.

Association mapping for detecting QTLs to Fusarium Head Blight and
Yellow Rust resistance in Bread Wheat

E. Falconi'?, E. Duveiller?, J. Crossa’, R. Singh?, J. Huerta?, J. Ochoa?, J.
Garofalo®, L. Ponce?, J. Lewis'

' Department of Crop and Soil Sciences, Michigan State University (MSU). % Global Wheat Program of
CIMMYT, ? Instituto Nacional Auténomo de Investigaciones Agropecuarias (INIAP)-Ecuador.

Fusarium Head Blight (FHB), mainly caused by Fusarium graminearum, and Yellow
Rust (YR), caused by Puccinia striiformis, are two of the most important wheat diseases
around the world. These diseases can cause severe yield reduction and grain quality
deterioration in wheat. In the case of FHB, there is an additional concern related with
mycotoxins accumulation in the kernel. Breeding for resistance for both diseases has
been considered as the most practical strategy of control. MSU, CIMMYT, and INIAP
have started a project to identify QTLs for FHB and YR resistance in spring wheat
germplasm. Association Mapping will be the approach to the identification of valuable
QTLs in a wheat population composed with 297 genotypes. The population was
developed by CIMMYT and it includes breeding lines carrying many interesting QTLs
that need to be identified. The population will be genotyped with Simple Sequence
Repeat (SSR) markers linked to agronomic traits and 9,000 Single Nucleotide
Polymorphism (SNP) markers by lllumina Infinium SNP genotyping facility at MSU. The
phenotypic data will be collected in 2011 and 2012 from evaluations in Mexico and
Ecuador from separated nurseries for each disease. Artificial inoculations for FHB will
be done, and in the case of YR, susceptible spreaders will be used to assure good
levels of disease pressure. Agronomic and quality variables will be recorded. In addition
to standard agronomic traits, data will be recorded for FHB and YR on severity,
incidence, reaction type, and mycotoxin accumulation. Data will be analyzed with
TASSEL v3.0 considering the mixed-model approach. Among the expected results is
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the development of an Association Map of loci linked to FHB and YR resistance,
identifying markers that will be useful for MAS, identification of resistant germplasm and
resistance sources for FHB and Yellow rust in the population of study, development of
the local capacity of the Wheat Program in Ecuador and the developing the experience
and expertise at MSU for Association Mapping. In addition, lines from CIMMYT are
regularly used for variety releases and breeding around the world, therefore, this project
will expand the utility of these lines for wheat breeders in general. In this poster the plan
of research will be more thoroughly presented.

Red or White: Consumer acceptance of whole grain products

Carolyn Challacombe, Koushik Seetharaman and Lisa Duizer
Department of Food Science, University of Guelph, Guelph, Ontario.

The consumption of whole grains is being encouraged by numerous health
organizations due to a number of associated health benefits. However, increased use
of whole grains has raised concerns around product acceptability due to the presence of
characteristic flavours that some consumers consider to be unacceptable. The
objective of this study was to investigate consumer acceptance of products made from
commercial whole grain flours produced from red or white wheats and with fine or
coarse particle sizes. Intermediate (bread) and low (cracker) moisture products were
investigated. Intermediate and low moisture products were produced from hard and
soft flour, respectively. Red wheat products were liked significantly more in terms of
flavour and overall for the intermediate moisture and low moisture products. However
significant colour*particle size interactions were observed for appearance, texture and
strength of aftertaste for the intermediate moisture products and flavour and strength of
aftertaste for the low moisture products.

Efficacy of Near-Infrared Reflectance Spectroscopy to Predict
Fusarium Damaged Kernels and Deoxynivelanol in Red and White
Wheat in Michigan

J.M. Lewis*, T. Dietz, L. Siler, S. Hammar, S. Mishra, R. Laurenz
Dept. of Crop and Soil Science, Michigan State University, E. Lansing MI, 48824
*Corresponding author: Ph: (517) 355-0271 x 1185, E-mail: lewisja6@msu.edu

Michigan State University annually evaluates the Michigan State Performance Trial
(MSPT) entries for Fusarium head blight (FHB) resistance. The MSPT consists of both
red and white genotypes that vary in visual field symptoms of FHB, Fusarium Damaged
Kernels (FDK) and deoxynivalenol (DON) levels. It has been previously reported that
white wheat accumulates higher amounts of DON than red wheat (Knott, Van Sanford
et al. 2008). In addition, near-infrared spectroscopy (NIRS) predictions for DON levels
have been investigated, in general However, the effect of grain color (red vs. white) in
NIRS predictions of FDK and DON have not, to our knowledge, been investigated. In
this poster we will present data of visual field symptoms of FHB (incidence, severity,
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index), FDK, DON and NIRS predictions of both FDK and DON when grain color is
considered for the 2009 MSPT.

Knott, C. A, D. A. Van Sanford, et al. (2008). "Comparison of selection methods for the development of
white-seeded lines from red x white soft winter wheat crosses." Crop Science 48(5): 1807-1816.

Comparison of Different Inoculation Methods for Evaluation of FHB
Resistance in Wheat Varieties

Swasti Mishra, Lee Siler, Sue Hammar, Janet Lewis*
Dept. of Crop and Soil Science, Michigan State University, E. Lansing MI, 48824
*Corresponding author: Ph: (517) 355-0271 x 1185, E-mail: lewisja6@msu.edu

Fusarium head blight (FHB) in wheat is caused by the fungus Fusarium graminearum,
which infects wheat heads at anthesis. Weather conditions such as humidity and
temperature play an important role in the extent of infection. Several Mechanisms have
been proposed for host resistance, including resistance to the incidence of disease
(Type 1) and resistance to spread of infection (Type Il). Several screening methods
have been researched for successful prediction of resistance to FHB infection; the most
prominent being spray and point inoculation which measure Type | and Type Il
resistance respectively.

The obijective of this study was to compare the efficiency of the following methods for
evaluating resistance to FHB: spray inoculation in the greenhouse followed by bagging,
spray inoculation in the field followed by bagging, and traditional field method using
grain spawn inoculum. The study includes 16 varieties adapted to Michigan, which
includes both soft red and soft white winter wheat lines with varying levels of resistance
to FHB. Comparisons are made on % incidence, % severity and Fusarium damaged
kernels (FDK).

Evaluation of Alpha Amylase Accumulation and Falling Numbers in
Soft Red and Soft White Winter Wheat

N. Yu', R. Laurenz', L. Siler', P. Ng?, J. Lewis'*

'Wheat Breeding Program, Department of Crop and Soil Sciences, Michigan State University, East
Lansing, Michigan, 48823 “Cereal Science Program, Department of Food Science and Human Nutrition,
Michigan State University, East Lansing, Michigan, 48823

*Corresponding author: lewisja6@msu.edu

Michigan has experienced two recent years (2008 and 2009) of severe Pre-Harvest
Sprouting (PHS) in wheat. Alpha-amylase is an important component of PHS and the
falling number test is used by industry to identify sprouted wheat that is unacceptable
for various food products. Red wheat is, in general, more resistant to PHS than white
wheat. The objective of this study was to evaluate wheat cultivars adapted to Michigan
for the quantity of a-amylase and the corresponding falling numbers at three maturity
time-points (before physiological maturity [PM], at PM and post PM) in the absence and
presence of PHS inducing conditions. In 2009, twenty soft winter wheat genotypes (10
red and 10 white) with varying levels of susceptibility to PHS were planted in two
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locations (East Lansing and Clarksville, Ml) in a three-replication alpha lattice design. In
2010, twenty-four genotypes were planted in three locations (East Lansing, Saginaw
and Ingham). Spikes were collected three days before PM, at PM, and three days post
PM. Immediately following collection, samples were frozen and then freeze-dried and
threshed. In 2010 a subsample from each plot was artificially misted for 48 hours to
induce PHS, while a second subsample was non-misted for the same period of time as
a control, after which they were frozen, freeze-dried and threshed. Threshed samples
were milled and evaluated for a-amylase activity and Falling Number (FN) values. The
2009 data, in which samples were harvested in non-PHS conditions, showed clear
trends in the reduction of a-amylase and the increase in FN during the progression of
maturation. In addition, a-amylase and FN data were significantly correlated. Significant
differences for a-amylase levels and falling number were found between genotypes
within each wheat class (red and white) and at the three mature time points. a-amylase
activity levels converged towards similar values at 3 days post PM, though a similar
convergence was not observed in FN values. This base level of a-amylase and FN that
has been established is revealing in and of itself. The 2010 data, which includes a-
amylase and FN in both non-PHS and PHS conditions, will reveal if the base level of a-
amylase and FN determined from non-PHS conditions has a predictive value for PHS
conditions, and also indicate the overall levels of resistance of PHS in wheat adapted to
Michigan. Both 2009 and 2010 data will be presented.

Quality Attributes of Ontario Wheats

Sanaa Ragaee and Koushik Seetharaman
Department of Food Science, University of Guelph, Guelph, ON N1G 2W1, Canada

Abstract

Recent consumer attitude toward food and health for enhancing the quality of life and preventing
chronic diseases through improved diet has promoted research on the bioactive components of
agriculture products. Wheat is an important agricultural and dietary commodity worldwide.
Research has shown that whole grain wheat and wheat bran extracts possess antioxidants that
protect against oxidation of biologically important molecules such as DNA, proteins and
membrane lipids. The ultimate goal of this research is to expand the market for whole wheat and
wheat-based functional foods in Ontario through identification and development of wheat lines
that have potential health benefits. 34 soft wheat varieties/lines grown in different locations in
Ontario were screened for their bioactive compounds of the whole grain flour. Total dietary fiber
ranged from 11.5 to 15.1%,, B-glucan ranged from 0.65 to 0.97%, total phenolic content ranged
from 902 to 1231 pg/g, and antioxidant capacity ranged from 82 to 106. Protein quality of the
whole grain flour was estimated using Gluten Peak Tester (GPT) and SRC-lactic acid tests. The
results indicated that Ontario soft wheat could be a rich source of bioactive compounds.
Furthermore, wheat varieties grown in different locations had different quality attributes that
could be exploited for food uses.
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Multi-Year Analysis of Miag Flour Mill Evaluation 2010

Average values of Miag Multo-mat milling evaluations of soft winter wheat that appeared
more than once in the Wheat Quality Council and US Wheat Associates Overseas
Varietal Analysis, 2001 to 2009 are included in the attached file:

Miag Mill Database and Quality Targets 2011.xIsx

Alveograph and Farinograph data from various cooperators. All other data from the
USDA Soft Wheat Quality Laboratory.

Prediction of Wire-cut Cookie Quality in Long-flow Milled Flour Samples

Purpose of study
1. To measure the reproducibility of industry panel evaluations of new wheat varieties.
2. Toillustrate relationships among wheat quality measures.
3. To identify the most valid tests for predicting wire-cut cookie quality.

Summary

Differences among samples in the OVA study for water absorption characteristics
(including Solvent Retention Capacity measures), cookie baking quality, and
Alveograph P values have large genetic components and reflect differences among
varieties as well as the different growing environments in which the varieties were
grown. Flour protein, Alpha-amylase activity (falling number), Farinograph stability,
Alveograph P and P/L ratio reveal almost no genetic variation in the OVA studies.
Differences among the OVA samples are due almost entirely to the production
environment where the sample was produced.

In this set of samples, Alveograph parameters, flour protein concentration, and solvent
retention capacity tests provide complementary information to the prediction of baked
product quality. The best prediction models for cookie quality used flour protein
concentration, Alveograph measures and solvent retention capacity tests in
combination. Flour samples with lower protein levels, smaller Alveograph P and L
values, and smaller water and sucrose SRC values produced larger and more tender
cookies.

General description of the dataset

We evaluated 142 samples of soft red and white winter wheat for the US Wheat
Associates Overseas Varietal Analysis (OVA) and the Wheat Quality Evaluation
Councils (QEC), from 2001 to 2007. Samples were provided from a variety of sources,
and were typically from commercial grain samples. In each year samples often came
from multiple fields and locations. All samples were milled on the Miag Multomat.
Straight grade flour was evaluated at the USDA Soft Wheat Quality Laboratory using
AACC methods. In addition for the Wheat QEC samples, Alveograph data was

30



Multi-Year Miag Mill

provided by Kraft Foods Corporation and Farinograph data by the Mennel Milling
Company. For the OVA, samples Alveograph and Farinograph data was provided by
US Wheat Associates.

Questions often arise about the interpretation of results of long-flow milling for the US
Wheat Associates. One set of questions focuses on customer preferences. The
discussion within each country is intended to shed light on the preferences of each
customer. A second set of questions concerns the reliability of the data and the
interrelatedness of the quality measures. This study was intended to address the
second set of questions. Rather than presenting the results in a narrative, the results
are summarized in response to common questions that are asked about the OVA
results and soft wheat quality in general.

Question #1. What is the level of reproducibility for a variety’s quality when
evaluated in quality councils?

How reproducible are flour quality measures that are evaluated in long-flow evaluations
such as the Overseas Varietal Analysis (OVA)? The differences between the lines
include genetic differences, differences due to location, and the particular growing year.
When comparing samples, it is easiest to simply acknowledge that the samples are
different and interpret how the cooperators respond or score the differences. Yet,
varieties that appear in the OVA often are recognizable and reflect differences that were
apparent in replicated testing conducted with smaller flour mills. To test which flour
measure differences are likely due to genetic difference and which largely reflect the
environment, we analyzed a subset of the varieties included in the analysis. By
examining only the varieties that were repeated in the analysis, we could measure what
the variance and the precision were for single observations of quality. The varieties and
trials in which they were repeated are given in Table 1. The analysis of variance in
Table 2 quantifies the portion of the differences between samples that is due to true
genetic differences between varieties and the proportion of the differences that is due to
environment or error in measuring the quality.

Discussion of repeatability

In Table 2, the mean square terms for flour measures that are followed by stars indicate
that the differences between samples have significant genetic basis. Environment and
error also contribute to the differences in varieties, but the genetic difference between
samples is greater than these background effects. Differences among varieties for wire-
cut cookie diameter and SRC measures are characteristic of the variety. They have the
largest variance attributed to genetics relative to the background effects of environment,
years, and random error. Recommendations for changes to the soft red winter wheat
class for these flour traits with a genetic basis can be readily addressed through
breeding and genetics.

In contrast to water absorption characteristics, some traits have no obvious genetic
component of variation in the samples evaluated by the OVA and QEC programs.
Examples of these are Alveograph L and P/L ratios, which are important measures of
flour quality for many soft wheat product manufacturers. Selecting varieties for
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Alveograph L may be of limited value; the range in variation for L or P/L that is needed
for different soft wheat products will likely derive from the range in environmental
differences in the places where soft wheat is produced. Genetic variation may occur for
some of the traits that do not have significant variety effects in this test. Grain hardness
is a good example of this. Once hard wheats have been excluded from a sample of
varieties, genetic differences in grain hardness are difficult to quantify. Traits like flour
yield and break flour yield were controlled by both environment and genetics, with only
moderate amounts of variation attributed to variety.

Table 1. Varieties repeated in the analysis of soft red wheat using long-flow
milling.

Cultivar replicates Trials where the variety was tested

Armor 3035 4 2001 OVA, 2002 OVA, 2003 OVA, 2005 OVA
Armor 4045 3 2001 OVA, 2002 OVA, 2003 OVA

AGS 2000 3 2005 OVA, 2006 QEC, 2007 QEC

Beretta 2 2005 OVA, 2006 QEC

Bravo 2 2003 QEC, 2006 OVA

Caldwell 4 2001 QEC, 2002 QEC, 2003 QEC

Coker 9184 3 2002 OVA, 2004 OVA, 2004 QEC

Coker 9553 2 2006 OVA, 2007 OVA

Coker 9663 5 2001 OVA (2 samples), 2002 OVA, 2004 OVA, 2005 OVA
Dominion 2 2004 QEC, 2006 OVA

Featherstone 176 2 2004 QEC, 2006 QEC

Hopewell 2 2006 OVA, 2007 OVA

Magnolia 2 2006 QEC, 2007 OVA

McCormick 2 2001 QEC, 2007 OVA

Natchez 4 2002 OVA, 2003 OVA, 2005 OVA, 2006 OVA
NC Neuse 2 2006 OVA, 2007 OVA

Pioneer 25R47 3 2002 QEC, 2003 QEC, 2007 OVA

Pioneer 26R12 2 2002 QEC, 2004 OVA

Pioneer 26R15 2 2003 QEC, 2005 OVA

Pioneer 26R24 4 2001 OVA, 2002 OVA, 2003 OVA, 2004 OVA
Pioneer 26R58 2 2002 QEC, 2005 OVA

Panola 2 2005 OVA, 2006 OVA

Patterson 2 2004 QEC, 2006 QEC

Roane 2 2001 OVA, 2004 OVA

Sisson 2 2002 OVA (2 Samples)

Tribute 2 2002 OVA, 2007 OVA

USG 3209 5 2001 OVA, 2002 OVA, 2004 OVA, 2006 QEC, 2007 QEC
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Table 2. Wheat quality traits analysis of variance and distribution of variety means for
varieties that appeared repeatedly in Overseas Varietal Analysis and Wheat Quality
Council, 2001 to 2007.

Mean square terms Distribution
Trait samples Variety Error Average Max. Min. Units
Grain hardness 57 116.1 80.8 23.5 46.1 104 0to100
Flour protein 72 1.056 0.658 8.38 10.04 721 g100g"
Flour yield 72 3.62 * 1.87 73.4 757 713 g100g”’
Break flour yield 72 46.3 * 26.0 32.6 422 241 g100g”
Flour ash 72 0.00316 * 0.00152 0.395 0.474 0.346 g100g”
Falling Number 72 3870 2410 392 469 325 Sec
Alpha amylase 65 0.00186 0.00641 0.112 0.199 0.089 absorp.
Starch damage 72 1.502 ***0.507 2.84 393 130 %
RVA Peak 72 641000 865000 3629 4690 2814 cP
RVA Final 72 641000 688000 3755 4441 2863 cP
Lactic Acid SRC 72 280.8 ***80.8 1011 116.2 798 g100g”
Sucrose SRC 72 58.67 *** o 20.37 90.2 101.0 826 g100g”
Sodium Carb. SRC 72 38.67 0 11.32 71.0 797 642 g100g"
Water SRC 72 13.03 o 4.61 53.4 602 507 g100g”
Farinograph absorp. 63 6.50 o 2.41 52.7 581 505 g100g"
Farinograph stability 63 2.39 3.50 2.8 71 1.2 Min
Alveograph P 72 222.22 **88.22 38 60 24 Mm
Alveograph L 72 1520 1030 102 151 46 Mm
Alveograph W 72 1492 * 817 107 163 52 (x10™))
Alveograph P/L 72 0.148 0.160 0.500 1.008 0.190
Cookie diameter 72 0.674 ***0.225 15.73 16.95 14.72 Cm
Cookie height 72 3.215 ***0.978 21.4 23.7 187 Mm
Shape factor 72 0.01002 ***0.00277 0.740 0.911 0.648
Snapping force 72 113200 * 62800 2390 2807 1995 G
Force/diameter 72 2640 ** 1040 305 366 244 g cm”

*, ** *** F-test for variety is significant at the 95%, 99%, and the 99.9% confidence interval, respectively.
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Question #2. If a wire-cut cookie is the standard for soft wheat baked products,
what quality measures of grain and flour are correlated to wire-cut cookie
measurements?

Among the samples in the OVA and QEC studies were a wide range of flour types,
large enough to produce good correlation studies of what flour traits are correlated to
cookie quality. For our analysis we excluded samples that would normally not be
shipped into export channels. Samples with less than 300 sec FN were excluded from
the correlation (12 samples were excluded). Correlations from the 2001 to 2007 OVA
and QEC panels are based on 130 samples with falling number values greater than 300
sec.

Discussion of Correlations

The measures with the least effect were flour ash, damaged starch, and Alveograph P/L
ratios. These measures can be significantly related to cookie quality, but were not in
this study due to the sampling and flour milling methods. Flour ash and damaged
starch variation were minimal because the same streams were combined for each flour
sample. Differences in flour ash likely had more to do with whole grain ash
concentration than degree of inclusion of aleurone layers into the flour.

Many of the measures of wheat quality are correlated to one or more of the measures of
cookie quality. The best predictor of cookie shape (diameter, height, and shape factor)
was water SRC with negative correlation coefficients of greater than -0.5 to each cookie
measure (p<0.01). Farinograph absorption, a more common measure of flour water
absorption than water SRC, had smaller correlation coefficients but also was
significantly correlated to cookie shape. The best predictors of cookie texture were
sucrose SRC, final Rapid Visco-Analyzer viscosity, flour protein and measures of gluten
strength (lactic acid SRC, Alveograph W, and Farinograph measures). Previous work
suggests that many of the flour quality measures also are inter-correlated with each
other and may predict the same underlying factors of the flour quality; for example,
water SRC and Farinograph absorption measure similar characteristics of the flour.
When there is a choice of tests to use, which is better and which should be used
together in combination for the best prediction of flour functionality?
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Table 3. Correlation wire-cut cookie quality with grain and flour
characteristics measured on 130 samples of wheat evaluated in the OVA
and QEC, 2001 to 2007

Cookie Cookie Shape Snapping Force/

diameter height factor force Diameter

Grain hardness -0.39** 0.21* -0.30** 0.10 0.21*
Flour protein -0.01 0.12 -0.09 0.26** 0.24*
Straight grade flour 0.1 -0.12 0.1 -0.19* -0.21*
Break flour yield 0.53** -0.16 0.32** -0.02 -0.17
Damage starch -0.08 0.14 -0.11 0.07 0.09
Flour ash 0.05 0.22* -0.12 0.15 0.12
Falling number -0.28** 0.21* -0.25* 0.11 0.18*
Alpha amylase -0.01 -0.03 0.02 0.00 0.00
RVA Peak viscosity 0.40** 0.00 0.16 0.33* 0.18*
RVA Final viscosity 0.16 0.13 -0.02 0.35* 0.27**
Ratio of Peak to Final 0.46™* -0.21* 0.31* 0.10 -0.04
Lactic acid SRC -0.21* 0.24* -0.25** 0.30** 0.32**
Sucrose SRC -0.40** 0.39** -0.42** 0.40** 0.48**
Sodium Carbonate SRC -0.42** 0.55** -0.53** 0.19% 0.29**
Water SRC -0.50** 0.51* -0.53** 0.06 0.20*
Alveograph P -0.50** 0.40** -0.46* 0.24* 0.36**
Alveograph L -0.12 -0.02 -0.03 -0.10 -0.06
Alveograph W -0.41* 0.22* -0.31** 0.12 0.22*
Alveograph P/L ratio -0.09 0.09 -0.11 0.04 0.06
Farinograph absorption -0.36** 0.37* -0.39** 0.10 0.20*
Farinograph stability -0.24** 0.15 -0.20* 0.18 0.23**

*, ** F-test for variety is significant at the 95% and 99% confidence interval, respectively

Question 3. Are there prediction models based on simple measurements that can
predict cookie diameter?

In this set, simple measures are considered to be grain hardness, flour protein, flour
ash and falling number. These are simple analyses that may be performed at grain
receiving. They also are part of tender offers for international grain shipments. This
dataset uses 111 samples, excluding samples with less than 300 sec. falling number.
This analysis is different from the correlation analysis listed above because we can
have more than one predictor of cookie quality. In reality, this is closer to most
specification used in industry where multiple quality measures are used in the purchase
and sale of grain and flour. We used step-wise addition of following variables:
hardness, protein, falling number and ash.

Discussion of simple predictions

The strength of the prediction model in this analysis is measured by the R? value in
Table 4. The number is the percent of variation in cookie characteristic that is predicted
by the best combination of the simple measures of grain hardness, protein, falling
number and flour ash. For cookie diameter, 20% of the variation in the diameter of
cookies can be predicted by the combination of grain hardness and falling number. In
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this model, lower values of grain hardness (increasingly soft grain) and lower falling
number values resulted in larger (better) cookies.

The reduction in falling number values may be an important point. Below 300 seconds
differences in falling number values for samples is largely due to alpha-amylase activity,
and these samples were excluded from the analysis. However, differences above 300
seconds also occur. They are likely due to particle size and non-gluten networks within
the grain such as arabinoxylans. Very high falling number values may be a sign of large
particle size and increased arabinoxylans concentration, which may be undesirable for
cookies.

The other prediction models were poorer than the model for diameter (R? values of less
than 20%). Flour ash appears a second variable in several of the models. Flour protein
in combinations with other variables predicts the texture parameters of the cookies, with
greater protein concentration associated with increasing force to snap the cookie. Can
the prediction of cookies be improved by adding more complex flour measurements?

Table 4. Simple quality measures that predict wire-cut cookies

Cookie characteristic Prediction model R®

Diameter 17.7 — 0.0232 Hardness — 0.0035 Falling Number 0.20
Height 17.7 + 0.0304 Hardness + 7.38 Flour ash 0.09
Shape factor 0.937 — 0.00203 Hardness — 0.000367 Falling Number 0.13
Snapping force 1106 + 84.9 Flour protein + 1456 Flour ash 0.1
Force/Diameter 142.9 + 9.11 Flour protein + 0.217 Falling Number 0.09

Question 4. Traditional instruments to measure cookie quality are the
Farinograph and Alveograph. What are their relationships to cookie quality?

We fit the models for predicting cookie quality using flour protein and then adding in the
flour quality measures from either the Farinograph (Table 4) or Alveograph (Table 5). In
these models we will continue to use flour protein in the models as cookie formulas
make adjustments for protein. Terms such as flour protein or water absorption were
retained in the multiple regression models only if they were significant predictors of
cookie quality. As with the multiple regression models of Question 3, we used for this
question and for all subsequent questions the Stepwise addition of variables to the
model using the statistical program PROC REG in SAS.

Discussion of Traditional Flour Measures

Water absorption as measured by the Farinograph was a predictive variable for cookie
diameter, height, and shape factor (Table 4). The R? for models with the Farinograph
were similar to the values using just simple measures described in the above section
(Table 3). For the height and shape factor measures, water absorption was the only
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variable that was retained in the model. All other variables were non-significant after
water absorption was included in the model. The lower water absorption of a flour
sample, the larger and flatter the cookie. As in the previous model (Table 3), flour
protein was the best predictor of snapping force to break a cookie; adding Farinograph
measures to the model did not improve the prediction of cookie snapping force. When
snapping force was standardized by dividing it by the diameter of the cookie,
Farinograph stability was the best predictor of cookie texture. As stability increased so
did the force to snap the cookie.

Alveograph P was a significant predictor variable for all regression models, predicting all
of the cookie quality measures. The regression models for Alveograph were generally
more significant than the Farinograph models, with the R? for cookie diameter predicting
36% of the variation in diameter. Flour samples with smaller Alveograph P values
produced cookies that were larger in diameter, thinner and more tender. Alveograph L
and W were included in the multiple regression models for cookie diameter and shape
factor although these measures were less significant to the total model than Alveograph
P. Flour protein was still the most important predictor of cookie texture, with smaller
concentrations of flour protein producing more tender cookies.

Alveograph was a better predictor of cookie quality than Farinograph in this study. Can
other flour quality measurements improve the prediction of cookie quality?

Table 5. Prediction of cookie quality based on flour protein and Farinograph
measures

Cookie

characteristic Prediction model R®
Diameter 21.5 + 0.207 Flour protein — 0.135 Absorption — 0.115 Stability 0.23
Height 6.81 + 0.276 Absorption 0.13
Shape factor 1.57 — 0.0157 Absorption 0.15
Snapping force 1812 + 69.2 Flour protein 0.1
Force/Diameter 289 + 4.66 Stability 0.06
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Table 6. Prediction of cookie quality based on flour protein and Alveograph
measures

Cookie

characteristic Prediction model R®
Diameter 18.0 - 0.0482 P - 0.00936 L + 0.00484 W 0.36
Height 19.4 + 0.0522 P 0.16
Shape factor 0.972 — 0.00556 P — 0.000931 L + 0.0007 W 0.29
Snapping force 1429 + 85.2 Flour protein + 6.99 P 0.13
Force/Diameter 155 + 11.4 Flour protein + 1.44 P 0.19

Question 5. What are the relationships of solvent retention capacity (SRC) tests
to other quality measures?

Solvent retention capacity tests are based on certain assumptions of flour functionality.
The water SRC is a measure of global water absorption of the flour in much the same
way as Farinograph absorption measures flour absorption. Sodium carbonate SRC is a
measure of starch damage. Sucrose SRC is a measure of arabinoxylans. Lactic acid
SRC is a measure of gluten strength. We did not have a single measure of
arabinoxylans in this study. That is conducted in a separate smaller study. However,
arabinoxylans contribute to the magnitude of the Alveograph P. Similarly, we do not
have a single measure of gluten strength. However, greater flour protein concentration
can increase gluten strength. Increased Alveograph W and Farinograph stability
measures are considered to be measures that increase as gluten strength increases.
Do these assumptions of the solvent retention capacity test hold when looking at a set
of varieties milled on a long-flow flour mill? Again, flour protein is included in each of
these models as a potential covariate and fit in a stepwise forward model.

Discussion of Solvent Retention Capacity Tests

The assumptions of the SRC tests were validated in this data set for water, sucrose,
and lactic acid solvents. Flour protein and Farinograph water absorption combined
predict half of the variation in water SRC (Table 6). Sucrose SRC measures gliadin
hydration and arabinoxylan absorption that contribute to the dough stiffening which
elevates Alveograph P. For this set of varieties, flour protein was a more important
predictor of sucrose SRC than Alveograph P, but both variables combined for a
significant prediction of the solvent’s effects. Lactic acid SRC is a measure of the
hydration of glutenin macropolymers and gliadins. The other measures of gluten in this
study are inter-related to the lactic acid SRC. Farinograph stability and Alveograph W
combined to predict nearly half of the variation among the samples for lactic acid SRC.

Damaged starch was not correlated with sodium carbonate SRC. Sodium carbonate
SRC was negatively correlated to flour yield (p<0.01). The test appears to be
measuring milling behavior of the varieties. However, the degree to which starch in
flour of soft wheat samples is damaged in the milling process does not appear to relate
to the sodium carbonate SRC. This solvent is capturing some other aspect of the mill’s
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effect on flour. This observation is consistent with previous studies of differences
among soft wheat varieties.

Question 6. Does the solvent retention capacity test predict wire-cut cookie
guality?

The solvent retention capacity tests were developed to predict the performance of flour
in factory production of commercial soft wheat products such as cookies. The flour is
suspended in an excess of the solvent, for example water or 50% sugar, to rapidly
determine the optimum amount of water for a cracker or sugar syrup that will be needed
to hydrate the flour in a bakery. The affinity of the flour for solvents within the dough will
determine the behavior of the dough during machining of the product and baking. Do
these tests predict the baking performance of the experimental models?

Discussion of SRC prediction of cookies.

The diameter or expansion of the wire-cut cookie is modeled by the Sucrose SRC and
the overall water absorption as measured by the Water SRC. Sucrose SRC and Water
SRC are the most consistent predictors of cookie quality characteristics, each appearing
in three of the five cookie quality parameters measured in this study (Table 7). Flour
protein was not an important predictor of cookie shape when SRC solvents are included
in the model. Flour protein does appear to increase the hardness of a cookie and was
retained as a significant predictor of snapping force in combination with sucrose SRC to
predict approximately a third of the variation in cookie texture. Based on the relative
sizes of the R? value, the prediction of cookie quality with solvent retention capacity
tests was better than the predictions derived from Alveograph or Farinograph
parameters.

Table 7. Prediction models for solvent retention capacity tests using other
quality measures based on the assumptions described above for the solvent
retention capacity test

Cookie

characteristic Prediction model R?
Water SRC -0.732 - 0.711 Flour protein + 1.139 Farinograph absorption 0.53
Sodium Neither flour protein nor damaged starch were significant

carbonate SRC

Sucrose SRC 67.87 + 1.55 Flour protein + 0.265 P 0.30

Lactic acid SRC  73.66 + 1.31 Stability + 0.223 W 0.45
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Table 8. Prediction of cookie quality based on flour protein and solvent
retention capacity measures

Cookie

characteristic Prediction model R®
Diameter 23.4 — 0.0266 Sucrose'— 0.0968 Water 0.35
Height 5.60 + 0.0181 Lactic + 0.0916 Sodium carbonate + 0.140 Water 0.35
Shape factor 1.67 - 0.00129 Lactic -+ 0.0149 Water 0.34
Snapping force 243 + 54.0 Flour protein + 18.8 Sucrose 0.19
Force/Diameter  -13.9 + 3.52 Sucrose 0.23

"The solvent retention capacity tests are denoted only by their solvent, for example the sucrose
SRC test is abbreviated only as ‘Sucrose’.

Question 7. Does combining solvent retention capacity tests with Alveograph or
Farinograph measures improve the prediction of wire-cut cookie quality?
Farinograph and Alveographs measure in very specific ways flour hydration effects and
dough rheology. Solvent retention capacity tests measure a wider range of the flour
hydration effects but provide only indirect information about dough rheology because a
dough is never developed in the test. The tests often are considered to be correlated to
each other as discussed above in the prediction models for the SRC tests (Question 5).
Yet, they are measuring flour in different ways and may provide complimentary
information about the flour.

Discussion of combining different test for quality

Combining the Farinograph information with the solvent retention capacity data did not
improve the models. The models were essentially the same as those derived without
the Farinograph data. Neither of the Farinograph measures appeared in the multiple
regression models. Although Farinograph absorption is an important predictor of cookie
shape, the water SRC is a better predictor of the same thing and the Farinograph
absorption adds no useful information to the prediction model after water SRC has been
added to the system. The minor differences between these models and the models fit
with SRC solvents alone were due to the slightly smaller data set used in this analysis
because Farinograph data was available only for 112 samples, while the SRC data
discussed in Question 6 was available for a larger data set.

The Alveograph measures of P and L in combination with solvent retention capacity
tests produce the best multiple regression prediction models for the quality of wire-cut
cookies. Water SRC together with Alveograph P and L predict 44% of the variation in
cookie diameter. The texture of the cookies as measured by snapping force was best
predicted by flour protein, sucrose SRC and either Alveograph P or L, depending on
whether the force was corrected or not for final diameter of the cookie.
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In this set of samples, Alveograph parameters, flour protein concentration, and solvent
retention capacity tests provide complementary information to the prediction of baked
product quality.

Table 9. Prediction of cookie quality based on flour protein, solvent retention
capacity and Farinograph measures in 112 samples of soft winter wheat

Cookie

characteristic Prediction model R®
Diameter 23.9— 0.0307 Sucrose'— 0.0984 Water 0.35
Height 7.79 + 0.042 Sucrose + 0.137 Sodium carbonate 0.36
Shape factor 1.74— 0.0365 Sucrose — 0.0124 Water 0.39
Snapping force 629 + 19.6 Sucrose 0.17
Force/Diameter  -3.55 + 3.38 Sucrose 0.26

" The solvent retention capacity tests are denoted only by their solvent, for example the sucrose SRC test
is abbreviated as ‘Sucrose’.
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Soft Wheat Quality Presentations

Incorporating important biochemical attributes into breeding
programs
Edward Souza and Mary Guttieri

A flow chart and recommendations for management of breeding schemes to develop
new varieties with desired biochemical components is introduced. Selection priorities,
tips on evaluation of assays, crossing plans and when to bail are discussed. This is a
breeder’'s map to addressing incorporation of complex traits.

LINK OUT TO PRESENTATION: Breeding Biochemical Traits AACCI.pdf

Breeding for Fiber Content in Wheat Flour
Edward Souza, Mary Guttieri, Anne Sturbaum, Clay Sneller and Meera Kweon

Water extractable arabinoxylans, the dominant fiber component in wheat, is a target for
research in milling and baking flour. Characteristic quality tests, such as solvent
retention tests (SRCs) and whole wheat bake tests correlate with arabinoxylan
configuration in wheat flour. Biochemical and genetic analysis of the arabinoxylans are
described and discussed in the context of wheat and fiber quality.

LINK OUT TO PRESENTATION: Breeding for Fiber Content in Wheat Flour.pdf

Soft Wheat and Fiber
Edward Souza and Mary Guttieri

High fiber wheat products are increasingly introduced into the U.S. market as a healthy
alternative to traditional baked goods. Wheat fiber, methods for measuring fiber, fiber
additives and results of cookie bakes with added fibers are presented. Presentation
was given at the 2010 Biscuit and Cracker Manufacturers Association meeting.

LINK OUT TO PRESENTATION: Soft Wheat and Fiber.pdf

Soft Red Winter Wheat: Abundant, Flexible, High Quality, Continuous
Improvement
E. Souza and M. Kweon

A summary of the soft red wheat production and research in the U.S. was presented to

Latin American Buyers in 2010. The presentation introduces the research performed at
the SWQL with an emphasis on international comparisons of quality requirements.
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LINK OUT TO PRESENTATION: Latin American Buyers Presentation.pdf

Steps Necessary for Good Quality Soft Wheat
E. Souza and Mary Guttieri

A variety of baking and chemical tests to identify grain characteristics are important to
breeders selecting for soft wheat flour and milling quality. The usefulness of these
tests, their interrelatedness and outcomes discussed here are relevant to wheat
researchers. Targets for quality and major genes affecting quality are reviewed.
International and U.S. requirements for wheat quality differ based on product variations,
yet a common breeding strategy, summarized here, can be applied to all. Presentation
was given to the 2010 Chinese Wheat Genetic Conference in Yangzhou

LINK OUT TO PRESENTATION: Steps Necessary for Good Soft Wheat.pdf

Can Host Plant Resistance Protect Quality of Wheat from Fusarium
Head Blight?

Edward Souza'*, Nicki Mundell?, Daniela Sarti2, Ana Balut?, Yanhong Dong3 and
Dave Van Sanford?

'USDA-ARS Soft Wheat Quality Laboratory, Wooster OH44691;

’Department of Plant Science, University of Kentucky, Lexington KY 40546;

*Dept. of Plant Pathology, University of Minnesota, St. Paul, MN 55108

Fusarium head blight (FHB) infection reduces the amount of millable grain from an
infected field, reduces mill yields, and generally degrades end-use quality. In 2009, the
Logan County, KY extension wheat trial had extended conditions for infection with FHB
resulting in extensive and uniform infection within the trial. FHB disease incidence and
field grain yield were recorded. The trials were harvested and evaluated for percent of
millable grain, milling yield and soft wheat quality using standard methods of the
American Association of Cereal Chemistry.

Cultivars differed for the amount of grain aspirated during cleaning (Cultivar F-value>22)
with Coker 9511 having the smallest loss due to aspiration (3.4% removed) and SS
8641 having the greatest aspiration removal (74.4% removed). Generally the results
correlated to known resistance levels with resistant cultivars having fewer scabby or
shriveled grains. The percent of aspirated seed was negatively correlated to field yield
(r>-0.25%) and test weight (r>-0. 87***), and was positively correlated to field infection
(r>0.63**%).

Methods: Samples were harvest from a University of Kentucky extension trial in Logan
County and lightly cleaned at harvest. At the Soft Wheat Laboratory, four field
replications of samples were weighed before and after aspiration; and following
aspiration, the four replications were combined to form two replications for milling and
baking evaluation. Samples were milled on the Quad Advanced system and evaluated
for soft wheat quality using standard AACC approved methods.
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To estimate the value of flour produced per hectare in FHB Table 1, the grain yield was
multiplied by the percent of un-millable material aspirated from the sample and the
product multiplied by the percent of the weight of millable grain recovered as flour.

FHB Table 2 presents additional quality data for the 15 cultivars with the greatest
estimated flour yield per hectare. For 12 cultivars representing a cross-section of
resistance to Fusarium head blight, a sub-sample of un-aspirated grain also was milled
and baked to measure the loss in quality due to the presence of Fusarium affected
kernels (FHB Table 3).

Conclusions:

e Genetic differences for grain yield, percent millable grain, and flour extraction
lead to about a 6X range in the value of genetic improvement (FHB Table 1).

o Except for the highest yielding cultivars, the percent of millable grain varies
greatly (FHB Table 1).

e Among the cultivars with the best millable grain yield, ARX 6202, Becks 122, V
9723, and SS 8302 are the best quality cultivars (FHB Table 2).

e Comparing aspirated to unaspirated samples (FHB Table 3) showed that
aspiration improved milling yield of the remaining seed and gluten strength (lactic
acid SRC).

Selection for Quality and Fusarium Resistance

No cultivar x aspiration interaction was found for milling yield. That is, relative flour yield
(ranking of genotypes) was approximately the same with or without Fusarium affected
kernels. Therefore, we should be able to select for milling yield and Fusarium
resistance in independent trials and pick the lines that will have the best resistance and
milling yield in the presence of disease pressure.
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FHB Table 1.

Agronomic yield, cleaning yield and flour yield of soft red winter wheat cultivars produced in
Logan Co., KY, 2009, under extensive and uniform disease pressure from pathogens causing
Fusarium head blight.

Fraction

removed Flour
Grain Test by Millable Flour per

Variety Name yield weight aspiration grain yield hectare

C
(A) (B) (A x(B/)1 00) (D) (C x D/100)

kg/ha k/m® % kg/ha % kg/ha
Coker 9511 4918 719 3.3 4756 69.8 3317
Truman 4852 705 6.9 4516 69.2 3123
Exsegen Dinah 4754 671 12.9 4138 69.2 2862
SS 8302 4635 667 14.9 3946 69.8 2752
Pembroke 4252 675 11.9 3747 69.0 2585
EXCEL 234 3943 687 11.6 3484 69.2 2411
SS MPV-57 4404 634 21.8 3445 69.6 2396
Dyna-Gro 9911 3851 683 7.5 3562 67.0 2386
Dyna-Gro 9922 4680 648 28.3 3357 69.6 2335
Steyer Jordan 3740 682 6.8 3483 66.9 2330
AgriPro W1377 3918 677 12.8 3417 68.1 2327
Beck 122 4148 624 21.7 3249 70.2 2281
Armor ARX 6202 4071 665 224 3158 71.4 2253
Bess 3955 653 17.8 3250 68.2 2215
Dyna-Gro V9723 4086 637 23.1 3140 70.0 2197
SC 1325 3856 681 171 3197 67.2 2147
MO 011126 3633 641 19.5 2924 72.5 2120
SC 1328B 4727 629 35.3 3060 69.2 2117
Beck 113 4145 637 22.9 3195 66.1 2112
Pioneer 26R15 4487 627 33.1 3003 69.6 2090
Dyna-Gro V9710 3712 659 16.8 3087 67.6 2087
SS 8404 3806 642 225 2950 70.5 2080
Delta King 9108 3759 628 23.6 2873 70.7 2030
Dixie 940 3999 628 27.7 2890 70.2 2029
Pioneer 25R63 3835 620 24.4 2900 69.3 2008
AgriPro Branson 3759 630 24.5 2840 70.0 1988
SC 1298 3868 626 26.6 2839 69.8 1980
Clark 3192 667 8.8 2909 67.5 1964
Exsegen Anna 4015 591 31.1 2767 69.1 1912
Cumberland 3553 648 21.7 2781 67.1 1866
Pioneer 26R22 3698 630 29.2 2617 71.2 1863
Jamestown 3015 690 12.4 2640 66.9 1765
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Fraction
removed Flour
Grain Test by Millable Flour per

Variety Name yield weight aspiration grain yield hectare
Exsegen Candace 3522 625 29.7 2476 701 1735
Steyer Geary 3812 595 33.0 2553 66.8 1704
Dixie 989 3891 641 36.7 2461 69.1 1700
SS 548 3535 625 30.7 2450 69.0 1691
Armor 360Z 3647 631 33.4 2429 69.4 1685
SS 8309 3738 625 36.3 2382 70.4 1677
USG 3350 3866 630 37.8 2404 69.7 1674
SS 5205 3360 631 27.8 2425 68.3 1656
Pioneer 25R78 3459 640 31.6 2365 69.9 1653
Steyer Nofzinger 3925 593 40.2 2347 69.9 1639
Red Ruby 3714 617 36.8 2347 69.5 1630
Armor ARX 840 3649 613 34.2 2403 67.2 1613
SC 1339 3766 607 36.5 2390 66.9 1597
SC 1318 3816 613 39.7 2302 69.4 1597
Delta Grow 4500 3926 624 43.1 2232 69.5 1550
Dyna-Gro V9812 3845 620 42.0 2230 69.3 1544
Delta King 9577 3186 634 32.6 2146 69.8 1498
Exsegen Lydia 3191 610 35.7 2052 68.3 1401
Dixie 907 4200 615 51.9 2019 69.2 1396
SC 1348 4063 612 50.3 2019 68.7 1386
Dyna-Gro Shirley 3980 588 51.1 1946 69.3 1349
Delta Grow 1600 3825 615 51.4 1858 69.5 1291
EXCEL 341 4167 611 55.9 1837 69.1 1269
SS 520 2880 608 38.0 1785 69.3 1236
Exsegen Lois 4195 585 56.9 1809 67.1 1214
Delta Grow 5200 3818 610 59.5 1547 69.8 1079
Armor Gold 2504 612 37.4 1568 68.3 1071
SS 8641 3156 554 74.4 807 69.8 563
Standard error 3.29 0.6
F-value for cultivars 22.6*** 4.76%*
R? for Rep and Cultivar 88.50% 82.6%
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FHB Table 2.

Milling and baking quality of the a selection of high-yield and Fusarium resistant soft red winter
wheat cultivars, Logan Co. KY, 2009.

Flour Softness Flour Lactic Sucrose Cookie
yield equivalent protein acid SRC diameter
% % % % % cm

AgriPro W1377 68.1 63.5 8.44 112.3 98.2 18.04
Armor ARX 6202 71.4 66.7 8.81 106.8 91.3 19.55
Beck 122 70.2 68.4 7.95 101.7 93.4 19.40
Bess 68.2 64.6 8.41 97.5 94.3 19.13
Coker 9511 69.8 59.0 9.13 1054 91.2 19.01
Dyna-Gro 9911 67.0 58.4 8.69 102.3 97.3 18.80
Dyna-Gro 9922 69.6 69.5 8.03 112.1 93.0 19.53
Dyna-Gro V9723 70.0 67.5 8.18 100.5 894 19.27
Excel 234 69.2 64.3 8.40 106.5 91.5 19.50
Exsegen Dinah 69.2 64.4 8.70 116.6 92.8 19.34
Pembroke 69.0 64.9 9.42 111.1 99.7 18.92
SS 8302 69.8 67.8 8.81 116.9 98.2 18.95
SS MPV-57 69.6 61.2 8.93 89.2 91.6 19.20
Steyer Jordan 66.9 56.9 9.00 102.8 96.6 18.81
Truman 69.2 62.6 8.10 113.1 92.7 19.10
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FHB Table 3.

Comparison of milling and baking quality from samples that were processed as received after
coarse cleaning and samples that were extensively aspirated to remove tombstone and other un-
millable seed, Logan Co. Trial, KY, 2009.

Milling yield Cookie diameter Lactic acid SRC
Not Not Not
Clean cleaned Clean cleaned Clean cleaned
% % cm cm % %

AgriPro Branson 70.0 69.4 19.3 19.1 108.9 103.3
AgriPro COKER
9511 69.8 69.2 19.0 19.2 105.4 106.4
Beck 122 70.2 69.5 19.4 19.0 101.7 99.6
Bess 68.2 67.3 191 19.3 97.5 95.9
Clark 67.5 67.1 18.9 191 94.0 90.8
Cumberland 67.1 66.3 18.5 18.6 101.6 95.7
Jamestown 66.9 66.7 18.1 18.1 116.0 109.2
Pembroke 69.0 69.1 18.9 18.9 111.1 113.7
SS 520 69.3 68.3 18.9 18.8 97.4 86.8
SS 5205 68.3 67.2 19.5 19.4 111.5 111.0
SS MPV-57 69.6 68.8 19.2 19.4 89.2 81.7
Truman 69.2 68.5 19.1 19.5 113.1 111.3
Average 68.7 68.1 19.0 19.0 103.9 100.4
Standard error 0.3 0.3 0.2 0.2 1.8 1.8
F-test of genotype
by aspiration effect 0.56"™ 0.88"™ 2.4*
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Basis for Selecting Soft Wheat for End-Use Quality

Edward J. Souza, Clay Sneller, Mary J. Guttieri, Anne Sturbaum, Carl Griffey, Mark
Sorrells, Herbert Ohm, and David Van Sanford.

Summary

Selection to improve milling and baking quality of soft wheat should be highly effective
based on the observed genetic variation in this study and the relatively small genotype
by environment interactions for most traits, other than test weight.

The USDA-ARS Soft Wheat Quality Laboratory recommends focus on a limited number
of quality traits that are both heritable and relatively easy to measure on large numbers
of samples. Selection to maintaining a quality type could be more efficient by
emphasizing a limited number of traits with large heritability values. Flour yield,
softness equivalent, and sucrose SRC represent different components of quality that
have favorable genetic and phenotypic correlations (Table 11). These traits are
commonly measured using short flow experimental mills, such as the modified
Quadrumat mill, yet they also have good correlations to long-flow milling quality valued
in commercial production (Table 13). Emphasizing these traits could quickly identify
unacceptable genetic combinations in breeding materials and allow programs to focus
on traits of value to seed dealers and farmers who will be the first customers for the
improved cultivars.

This study does not support placing a significant emphasis on selection for test weight
due to its low heritability and limited predictive value for the more important trait of
milling yield. We found a small positive correlation in plot to plot variation between test
weight and milling yield but the two traits have a small negative correlation with each
other among means of genotypes. The current wheat grading and discount system
hinders production of cultivars having excellent milling and baking quality but lower
inherent test weight. Selection for test weight may be necessary for grain grading
purposes, but it does not appear to be useful in selecting genotypes with improved
milling yield.

Early in the 20" century, the introduction of standard baking methods, such as the sugar
snap cookie, quickly identified and eliminated from soft winter production the cultivars
that were true hard wheat genotypes or harder endosperm soft wheat genotypes.
Through time cultivars have been selected to have smaller flour protein concentration
and weaker gluten as measured by lactic acid SRC. However, after factoring out the
protein decline, gluten strength per unit of protein has actually increased over time.
Breeders have maintained a diversity of gluten types, both strong and weak. This
variability among cultivars is valuable given the diversity of gluten requirements by end-
users of eastern US soft wheat. Most striking in the study is that concurrent with
dramatic increases in grain yield and disease resistance, plant breeders have
maintained through selection the target quality of the soft wheat market class and
perhaps made incremental improvements.
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Previous work (see millstream poster attached to annual report) found that both gluten
strength and arabinoxylan concentration are directly tied to the total flour extraction
rates on long flow flour mills and to the rate of flour recovery in the early reduction rolls,
which in turn influences other quality characteristics such as starch damaged by milling.
The large genetic variances for flour quality and milling characteristic and their
correlations among genotypes suggest that the soft wheat quality traits measured in this
study have common underlying genetic control. Traits as complex as milling yield might
be modeled based on relatively well characterized genes such as the glutenins, among
others. Genetic systems, such as non-starch polysaccharide synthesis, are rapidly
yielding to genomic analysis and also could contribute to milling traits. Mapping genes
in these pathways should identify loci that affect multiple quality attributes. Candidate
gene analysis should be pursued to identify alleles with large effects on the wheat
quality phenotype and those that will be useful as molecular markers in breeding.

Materials and Methods

A stratified selection of soft red and soft white winter wheat cultivars and several
advanced breeding lines were selected by the authors based on three criteria: 1) the
genotype had been previously evaluated by the SWQL for milling and baking quality
using the long-flow Allis milling system (Souza et al. 2008), 2) seed that had been
produced at least once by the authors or the previous directors of the SWQL (Souza et
al. 2010) and was available for the study, and 3) the genotypes represented important
variation in the crop based on a) area of production in eastern North America, b) use as
a breeding parent, or ¢) milling and baking performance within the SWQL Allis milling
evaluation. Importance of older lines (before 1930) was based primarily on Clark and
Bales (1935). Lines were included for one or more of the above reasons and the final
list was based on the expertise of the authors. Seed was provided to all cooperators by
the wheat breeding program at the Ohio State University. A complete association
mapping cultivar list is attached and can be found on the SWQL website.

Cultivars were produced in standard 7-row yield test plots using seeding rates, planting
dates, and harvest times recommended and appropriate for the local growing
conditions. A non-replicated field design was used with the soft red winter wheat
cultivars Roane and Foster randomly replicated within the trial to estimate within field
variances. The trials were planted in fall 2006 at Warsaw, Virginia, Ithaca, New York,
West Lafayette, Indiana, and Wooster, Ohio. Plots were harvested in 2007 using small
plot combines. The same genotypes were planted at the same locations in fall 2007
with an additional site at Lexington, Kentucky, and all plots were harvested the following
summer. Weeds were controlled at each location with appropriate broadleaf herbicides.
Aphids were controlled with labeled applications of pesticides in 2008 at the Warsaw,
VA location.

New York, Ohio, and Virginia provided a minimum of a 250 gram grain sample from
each plot to the SWQL for evaluation. Indiana and Kentucky provided a minimum of
100 grams. Samples were aspirated to remove foreign material and non-millable grain.
Samples were tempered and milled on a modified Quadrumat milling system as
described by Finney and Andrews (1986). Flour protein concentration was determined
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on flour using near infra-red reflectance (Unity Spectra-Star 2200, Columbia, MD) with
supporting values provided by the Dumas method (AACC approved method AACC
Method 46-19.01, 2010) of combustion nitrogen analysis (Elementar Nitrogen
Combustion Analyzer, Elementar America, Mt. Laurel, NJ). Water, lactic acid, and
sodium carbonate solvent retention capacity (SRC) was used to measure the suitability
of flour for use in soft wheat products on 1 g samples of flour (modification of AACC
method 56-11.02, 2010). Sucrose SRC was measured on a 5 g sample of flour as per
AACC method 56-11.02. A summary ratio was calculated from the individual solvents
of the 56-11.02 method: for each sample the lactic acid SRC value was divided by the
sum of the sodium carbonate SRC value and the sucrose SRC value. The SRC ratio
estimates the functionality of the water binding capacity of flour: water binding due to
gluten strength for leavening and expansion of dough during baking is necessary, but
water binding due to damaged starch and water soluble arabinoxylans typically does not
contribute to desirable dough rheology and lengthens baking time, leading to more
brittle baked products. Samples from the trials in New York, Ohio, and Virginia were
evaluated using the sugar-snap cookie method (AACC Method 10-52.02). The
combined diameter of two cookies was measured for each sample and a visual
assessment of the top-grain, surface cracking was scored from 0 to 9, with 0 having no
surface expansion cracks (undesirable) and 9 having extensive surface expansion
cracks (desirable).
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Table 10. Analysis of variance for soft wheat grain and flour quality measured in an association mapping
population grown at 4 environments (Env) in 2007 and 5 environments in 2008, with milling and flour analyses at
all environments and cookie baking evaluations in 3 environments in each year.

Type Il Mean Squares Variance components (VC)" VC Ratios*
Trait Env Cultivar Cultivar Error Env Genotype VCe/ VC, VCeye/
x Env VG,

D.F. 8 186 1477 73

Test weight 1803.6%** 19.8%*** 2.07*** 0.54 9.652 2.071 4.660 0.739
Flour protein 99.13%** 3.67*** 0.20*** 0.06 0.528 0.366 1.443 0.383
Flour yield 296.4%*** 20.34%*x* 0.93*** 0.18 1.577 2.063 0.764 0.363
Softness equiv. 1008.6*** 107.5%** 4.36%** 0.85 5.357 10.975 0.488 0.320
Water SRC 253.1%** 29.54*x* 1.46%*** 0.64 1.340 2.944 0.455 0.279
Na,COs SRC 428.8%** 71.39%** 3.26%** 1.03 2.266 7.200 0.315 0.310
Sucrose SRC 3745.71*** 252.55%** 10.09*** 6.16 19.912 25.354 0.785 0.155
Lactic acid SRC 32602*** 1422.21***  52.84*** 20.3 173.678 144.750 1.200 0.225
SRC Ratio(?) 0.8364*** 0.0362***  0.0016*** 0.0006 0.004 0.006 0.770 0.171
D.F. 5 186 920 47

Cookie diameter 64.7%** 5.14%** 1.20 0.86 0.3 0.5 0.68 0.68
Cookie top-grain 75.47%** 5.99%** 1.39 0.86 0.4 0.6 0.65 0.88

*** _ F-value significant at p <0.001.
t VC — Variance components for source of variation in the analysis of variance

 VC,- variance component term attributed to environment, VC,— variance component term attributed to genotype, VCg. — variance
component term attributed to genotype x environment interaction.
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Table 11. Correlation matrix (r values) for milling and baking traits measured on 187 cultivars in 9 environments,
2007 to 2008; are correlations of genotypic averages (n=187).

Sodium Lactic
Test Flour Softness Flour Water  carbonate  Sucrose acid SRC Cookie
Weight Yield Equivalent  Protein SRC SRC SRC SRC Ratio Diameter

Test weight -
Flour yield (-0.051)" -
Softness equiv. -0.288 0.233 -
Flour protein 0.364 -0.325 -0.668 -
Water SRC 0.406 -0.512 -0.415 0.268 -
Sodium carb. SRC 0.218 -0.449 0.213 (-0.094) 0.691 -
Sucrose SRC 0.365 -0.550 (-0.103) 0.334 0.720 0.748 -
Lactic acid SRC 0.428 -0.331 (-0.118) 0.465 0.395 0.367 0.688 -
SRC ratio 0.356 (-0.113) (-0.143) 0.462 0.093 (-0.007) 0.339 0.911 -
Cookie diameter -0.380 0.549 0.545 -0.662 -0.722 -0.439 -0.682 -0.548 -0.339 -
Cookie top grain -0.365 0.536 0.416 -0.659 -0.552 -0.365 -0.631 -0.543 -0.364 0.886

tCorrelation values in parentheses are not significant (p>0.05). All other values are significantly different from zero (p<0.05).
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Table 12. Extreme genotypes for milling and baking characteristics of soft
winter wheat, averaged across nine environments, 2007 and 2008.

Five cultivars with the largest value

Five cultivars with the smallest value

Milling or baking Names Average of | Names
trait Average of the 5
5 largest smallest
values values
Test weight 824.4 kg m” | Brandy, Coker 68-15, 746.4 kg m™ | Augusta, Chelsea,
: Moking, Royal, Tribute : Delaware, Houser,
Vermont Winter Reeds
Flour yield 73.8 g 100 | Foster, Kristy, Pioneer 67.2 g 100 | Fairfield, Lewis,
g! 26R46, Severn, White g! Longberry No. 1,
Wonder Mediterranean,
Wakeland
Softness 65.1 g 100 | Boone, Houser, INW 50.2 g 100 | Baldrock, Illini Chief,
equivalent g'1 0303, Wisdom, g'1 Kristy, McNair 701,
Wonder Stoddard
Flour protein 10.9 g 100 | Baldrock, Key, 8.3g100g | Houser, Mitchell,
g! Mediterranean, ! Pioneer 25R47, Tyler,
Sullivan, Wakeland Wilson
Water SRC 55.7 g 100 | Kristy, Mediterranean, 48.5 g 100 | Augusta, Caledonia,
g! Tribute, g! Daisy, Glacier, Pioneer
USG 3209, Wakeland 25R47
Sodium 74.3 g 100 | Blazer, INW 0303, 61.9 g 100 | Augusta, FFR 555W,
carbonate SRC g'1 Pioneer 2568, Pioneer g'1 Mallard, Neuse NC,
25R37, USG 3209 Scotty
Sucrose SRC 105.0 g 100 | Blazer, Harvest Queen, 84.3 g 100 | Augusta, AC Mountain,
g'1 INW 0303, Jackson, g'1 Caledonia, Honor,
USG 3209 Houser
Lactic acid SRC 142.8 g 100 | Blazer, Coker 9134, 86.3 g 100 | Grandprize, Hillsdale,
g! Key, Wakeland, g! Honor, Pioneer 2510,

Warwick

Rupert Giant
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Table 12. (Continued).

Five cultivars with the largest value

Five cultivars with the smallest value

Milling or Names Average of | Names
baking trait Average of the 5
5 largest smallest
values values
SRC Ratio 0.857 Flint, Key, Magnum, 0.558 Grandprize, MPV 57,
Monon, Wakeland Pioneer 2510, Pioneer
25W60, Rupert Giant
Cookie diameter 18.71 cm Caledonia, Glacier, 16.58 cm Key, Kristy,
Pioneer 2555, Mediterranean, Rudy,
Pioneer 25R47, Wakeland
Wonder
Cookie top-grain 5.45 Boone, Caldwell, 1.74 Forward, Key,

Glacier, Pioneer
2555, Pioneer 25R47

Mediterranean, Rudy,
Wakeland
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Table 13. Correlations of Allis mill database values to measured
values from micro milling, averaged across all locations, 2007 and

2008.
Correlation

Allis Measurements coefficient (r) Micro milling parameter

Test weight 0.72%** Test weight

Straight grade flour yield 0.76%** Flour yield

Endosperm separation index -0.77%** Flour yield

Friability 0.78%** Flour yield

Break flour 0.78%** Softness equivalent
0.25** Sodium carbonate SRC
0.32%** Cookie diameter
-0.41** Flour protein

Cookie diameter 0.60%** Cookie diameter
0.37%** Softness equivalent
-0.60*** Water SRC
-0.34%** Sodium carbonate SRC
-0.46%** Sucrose SRC
-0.24** Lactic acid SRC

** _ Correlation coefficient significant at p <0.01.

*** _ Correlation coefficient significant at p <0.001.
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Table 14. Change in milling and baking quality through time in 187 cultivars released from 1800 to 2005 as
measured using the short-flow, modified Quadrumat milling system in nine environments, 2007 and 2008 and
reported in the Allis-Chalmers Flour Mill Database of long-flow flour milling maintained by the USDA SWAQL,

Wooster, OH.

Response Rate of Change
Quality 1801 to 2005

Rate of Change
1971 to 2005

Modified Quadrumat Milling
Flouryield 0.0079 +/- 0.0026 g100g*y™

Softness equivalent 0.0295 +/- 0.0062 g 100 g™ y™*
Flour protein -0.0092 +/- 0.0010 g 100 gt y™*
Water SRC -0.0084 +/- 0.0033 g 100 g™y

Sucrose SRC -0.0281 +/- 0.0097 g 100 gt y™*

Lactic acid SRC -0.0491 +/- 0.0237g 100 g™ y*
SRC Ratio Not significant
Cookie diameter 0.0051 +/- 0.0008 cm y'1
Top grain 0.0100 +/- 0.0016 score y'1
Allis-Chalmers Database
Allis test weight -0.0116 +/- 0.0022 kg m3y™
Allis flour protein -0.0127 +/- 0.0015g 100 g y™*
Allis friability 0.0095 +/- 0.0025 g 100 g™ y™*
Allis break flour yield 0.0199 +/- 0.0064 g 100 g™ y™*
Allis cookie diameter 0.0038 +/- 0.0007 cm y"1

* %k

* k%

* k%

* %

* k%

* k%

* % %

* % %

* %

* ¥

* % %

0.0347 +/-0.0123g 100 gt y* **
0.0749 +/-0.0288 g 100 g™ y* *
-0.0274 +/-0.0043 g 100 gty ***
Not significant
Not significant
-0.273 4/-0.107 g 100 gty? **
-0.00152 +/- 0.00054 y*  **
0.0109 +/- 0.0038 cmy™  **

0.0269 +/- 0.0073 score y*  ***

Not significant
-0.0337 +/-0.0059 g 100 gy ***
0.0232 +/-0.0113g100g"y* *
Not significant

Not significant

* Regression coefficient significant at p<0.05.
** Regression coefficient significant at p<0.01.
*** Regression coefficient significant at p<0.001
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Genotypes for WQC and OVA

Genotypes for varieties evaluated for the Wheat Quality Council
(WQC) and Overseas Varietal Analysis (OVA) 2006-2010.

Genotyping was performed at the Soft Wheat Quality Lab and the Regional Small
Grains Genotyping Laboratory in Raleigh, N.C. on varieties submitted to the laboratory
for milling and baking analysis since 2006. Genotypes for WQC varieties are included
since 2006 and for OVA varieties since 2009. The laboratory continues to add new
markers to its repertoire for evaluation, blanks in the cells represent “not tested” for
varieties genotyped prior to incorporating the marker into our studies.

Important markers associated with dough quality are the high molecular weight
glutenins at loci on chromosomes 1A, 1B and 1D (HMW GIluAl, GluB1 and GluD1), y-
gliadin markers for GliD1.1 and GIiD1.2 alleles, 1B/1R and 1A/1R rye translocations,
and starch synthesis (GBSS) alleles Wx-Al, Wx-B1, and Wx-D1 to indicate waxy
nature. Viviparous-1 transcription factor is implicated in tolerance to pre-harvest
sprouting by the 569 allele. A translocation on chromosome 2B confers stem rust
resistance via the Sr36 gene, and semi-dwarfing genes for Rhtl, Rht2 and Rht8 are
markers for plant height. The semi-dominant Photperiod-D1a (Ppd-D1a) allele confers
photoperiod insensitivity in wheat, allowing early flowering, and three loci (Fhb1l, Ernie
on 5AS and Ning7840 on 5AS) recognize QTL for Fusarium head blight resistance.
Primers for PCR reactions, conditions and references for the source of the reactions
used at the Soft Wheat Quality laboratory are listed in the Materials and Methods
“Genotyping” section of this document. For information on genotyping at the Regional
Small Grains Genotyping Laboratory in Raliegh, N.C. please see the website:
http://afrsweb.usda.gov/Main/docs.htm?docid=19522.
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Genotypes for WQC and OVA

Table 15. Genotypes